INTRODUCTION
Moving target discrimination, i.e., the separation of moving targets from a fixed clutter (trees, rocks, buildings, etc.) background, is accomplished by a radar sensor through exploitation of the Doppler effect, a physical phenomenon in which the echo signal received from a moving target is shifted in frequency relative to the frequency of the transmitted signal. This Doppler frequency shift is proportional to the relative radial speed (time rate of change of range) between the moving target and the radar platform. Moving target discrimination is accomplished by simply ignoring (filtering out) all non-Doppler-shifted received signals, which presumably were reflected from stationary clutter.
Pulse-Doppler (PD) radar systems are not only capable of moving target discrimination and determination of target range, but they can also determine the magnitude and sign of the target's radial speed. Many PD radars use fast-Fouriertransform (FFT) signal processing techniques to accomplish this target speed determination. PD radar systems are coherent in that not only amplitude but phase information is extracted from the signal reflected from the target; indeed, the moving target discriminant (Doppler frequency) itself is the time rate of change of phase. Radar coherency is obtained by deriving the transmitted radio-frequency (RF) A complication arises in achieving moving target discrimination and absolute target radial speed determination if the PD radar is mounted on a moving platform. Now, stationary clutter return as well as moving target return will be Doppler-shifted.
Therefore, platfbrm motion must be quantified and a corresponding compensation made to the received signal to eliminate all moving platform effects.
Non-coherent pulsed radars normally use a pulsed magnetron transmitter in which there exists a random phase relationship between transmitted pulses; thus all targets including stationary targets are given false Doppler signatures. However, if a sufficient stationary clutter signal is present within the reflected pulse containing the moving target signal, then these two signals will beat together in the radar's non-linear video detector resulting in a zero frequency signal and a signal appearing at the Doppler frequency of the moving target. The zerofrequency signal can be filtered out and moving target discrimination is thus achieved. Since both the clutter and moving target signals have the same random phase relationship imparted to them by the transmitter, these random phases cancel out in the mixing process in the video detector. Similarly, no platform motion compensation is required, since all false Doppler shifts due to platform motion will be imparted to both the clutter and moving target signals and, again, will cancel out in the video detector. This type of radar system is called a noncoherent, moving-target-indication (NC-MTI) radar, and although it provides no target radial speed information and has less target signal-to-noise ratio (SNR) integration gain than a PD radar, it is a much simpler and easier system to implement. The NC-MTI radar system can be improved by EFT processing the filtered video signal, thus obtaining a non-coherent, pulse-Doppler (NC-PD) radar. A NC-PD radar will be capable of target radial speed determination and will have an integrated SNR gain greater than a NC-MTI radar. In this paper, coherent and non-coherent detection are first analyzed, and expressions relating the where A and C are the amplitudes of the waves scattered from the target and clutter respectively, n is Gaussian noise with a variance of a2, 
where n1 and n0 are the in-phase and quadrature noise terms and and 2 are constant phase terms.
The RMS signal, clutter, and noise powers remain unchanged; thus the coherent video SNR and CNR are equivalent to their IF counterparts.
The frequency power spectrum of the coherent video signal over one PRF bandwidth after N pulses (N>>1) is shown in Figure 1 . The bandwidths of the target signal, B5, and clutter signal, Bc are related to the target and clutter observation time, to, and decorrelation times respectively. The decorrelation times of the signal, t5, and clutter, tc are defined as that time required for the respective autocorrelation functions to decrease to 10% of their peak value.
NON-COHERENT DETECTION
In a non-coherent radar there exists a random (1) phase relationship between transmitted pulses, and the transmitter and LU are uncoupled. Therefore, 1(t) in Eqs. 2 and 3 changes randomly with time. Since motion compensation techniques are not employed with a non-coherent radar, 42(t) is also a function of time.
(2)
The non-coherent video detector can be modelled as a linear detector that mixes the (3) incoming IF signal with itself. Thus, the resulting video signal can be represented by y(t) = x2(t) (square-l detector) (7) and, from Eq. 1 (assuming that the terms around 2f0 where a =
-c
The non-coherent video signal consists of zero-frequency signals, noise signals, and a signal appearing at the Doppler frequency, d' of the target. All transmitter and platform motion effects on signal phase, i.e., 4'1(t) and b2(t), have been eliminated from the signal appearing at Identifying this signal as the new target signal voltage, the RMS target signal (5) power is A2C2/2 and the RMS noise power is + a2A2 + a2. Thus, the video SNR is 22
In the presence of a strong clutter signal, i.e., 
Target bandwidth is now a function of the decorrelation time of the clutter signal, and, therefore, is broadened by internal clutter motion, radar platform motion, and antenna scanning motion.
In the NC-MTI radar system, the video signal given by Eq. 8 is sampled at a rate commensurate with obtaining one sample within each range resolution cell, digitized, and then the zerofrequency signals are filtered out with a digital MTI filter.
The resulting filtered bipolar signal is rectified and sent to an integrator (low pass filter).
FFT RADAR SIGNAL PROCESSING
In the coherent PD radar, the two phasequadrature channels that constitute the complex video signal (Eq. 6) are each sampled, digitized, MTIfiltered and then introduced into the N-point FFT processor.
For the non-coherent PD radar, all absolute phase information is lost in the video detector, therefore, only one channel is necessary.
The sample and hold circuit samples at a rate commensurate with obtaining one sample within each of the M range resolution cells contained within one pulse repetition interval (PRI = 1/PRF). After these samples are digitized and MTI-filtered they are stored in the buffer memory of the N-point FFT processor. This process is repeated N times (for N PRIs) The frequency resolution of the FFT processor is B = l/T, i.e., a signal whose frequency f is in the frequency range of bin m, i.e., m-1/2 rn+112 T < < T will appear in the output of the FFT processor at frequency m/T. This signal will also appear in other bins due to the finite sampling time, T, which causes the filter response of any given bin to have frequency sidelobes; however, this effect can be minimized with appropriate window weighting to reduce the sidelobe levels.
The maximum unambiguous frequency determinable by the FFT procesor is R/2 and higher signal frequencies present will be "folded over" into the FFT processor's frequency interval [_R/2, R/2], i.e., on arbitrary frequency, f = kR + f', where k is an integer and -R/2 < f' < R/2, will appear in the frequency bin containing f' for a coherent radar and in the frequency bins containing f' and -f' for a noncoherent radar.
EFFECT OF FFT PROCESSING
The video bandwidth of a correlated tar-
If the FFT sampling time, T, is chosen equal to the target dwell time, t0, then the bandwidth of an FFT frequency bin is (15) where N0 is the number of pulses returned from the target. Thus, the target bandwidth matches the bandwidth of a FFT frequency bin and if the target's Doppler frequency matches the center frequency of an FFT bin then all the target's signal power will be contained in that bin. Only 1/N0 of the noise power contained withinthe PRF bandwidth is contained in that FFT bin. Thus, the integrated SNR out of that bin is N0 times greater than the single pulse IF SNR, i.e., the coherent integration gain is
Of course, for targets less correlated there will be some loss associated with filter mismatch, and filter straddle loss will occur for those targets whose Doppler frequencies., do not match the center frequency of an FFT bin.
The video bandwidth of a correlated target (B5<< Bc) non-coherently detected is, from Eq. 13
i.e., the video target bandwidth is approximately equal to the IF clutter bandwidth. Choosing the FFT sampling time to be T1 such that where N1 is the number of pulses received in time T1, then the bandwidth of the FFT frequency bin matches the target bandwidth. As mentioned above, the non-coherent video signal consists of two spectral signatures, one centered at d and the other at For large N1, the rverlap between these two signatures becomes ne1igible, and the fraction of the total target power (in the N1 pulses) contained in either of the FFT bins centered at d and -f approaches a minimum of one-half. Since both FF bins contain the same statistical information, only one bin is significant for target detection purposes, and one-half of the target signal power is essentially lost. The noise power in either one of the FFT bins is 1/N1 of the noise power contained within the PRF bandwidth. The noncoherent integration gain is thus Gncoh (19) where C1 is the gain realized by summing (noncoherentl5' integrating) the N0/N records (pulses) of N1-point FFT transforms contained in one beam dwell. For many operational situations, N0/N1 is small, i.e., 1 < N0/N1 < 10. To achieve a high probability of detection after non-coherently integrating a small number of FFT records, the radar system must be designed so that the integrated SNR, If the clutter signal were strong enough such that F1, then G0 (21) i.e., FFT processing of the non-coherent video signal approaches 3 dB of the integration gain realized with a coherent, PD radar.
COMPARATIVE RADAR PERFORMANCE AND SUMMARY
The PD radar system has the superior detection performance, which, unlike both the NC-PD and NC-MTI radar systems, is independent of the nature, or even the presence of a clutter signal. However, given a strong clutter signal, the NC-PD radar will yield an integrated SNR that, as the number of pulses integrated becomes large, approaches 3 dB of that achieved by the PD radar.
The NC-PD radar has a detection performance which is generally superior to that of the NC-MTI radar. The integration gain in SNR is shown in Figure  3 for the NC-PD, PD, and NC-MTI radars. The gain for the NC-PD and PD radars should be reduced by any EFT filter straddle, filter mismatch, and window weighting losses to obtain a more accurate performance comparison with the NC-MTI radar.
In summary, the addition of FFT signal processing techniques to a NC-MTI radar is a relatively minor modification which gives the system some of the desirable attributes of a PD radar while retaining the simplicity of a non-coherent MTI system. 
